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FROM  THE  BEST  COPY  FURNISHED  US  BY 
THE  SPONSORING  AGENCY.  ALTHOUGH  IT 
IS  RECOGNIZED  THAT  CERTAIN  PORTIONS 
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Visual  Inspection 
National  Dam  Inspection  Act 
Carnegie  Lake  Dam,  N.J. 


MMifllJr  Rp  Mmr  MiRiMr) 


This  report  cites  results  of  a technical  investigation  as  to  the  dan's  ads* 
quacy.  The  inspection  and  evaluation  of  the  dan  is  as  prescribed  by  the 
Ifotional  Dsn  Inspection  Act,  Public  Law  92-367.  The  technical  investigation 
includes  visual  Inspsctlon,  revlsw  of  availabls  design  and  construction  records, 
and  prellnlnary  structural  and  hydraulic  and  hydrologic  calculations,  as 
applicable.  An  asaasansnt  of  the  dan's  general  oondlticn  is  Ineludad  in  the 
report. 


I'MfTNmiNMU 


Hoporabl*  Braadan  T.  Byrne 
Geraraor  of  New  Jaraey 
Traaton,  NJ  08621 


Daar  Govaraor  Byrna: 

Inclosad  la  Cha  Phasa  I Inspection  Report  for  Carnegie  Lake  Dam  In 
Marcar  County,  Naw  Jeraay  which  has  bean  prapared  under  authorization  of 
the  Daa  Zaspaction  Act,  Public  Law  92-367.  A brief  assessaent  of 
the  daa's  condition  Is  given  In  the  front  of  the  report. 

Based  on  visual  Inspection,  available  records,  calculations  and  past 
operational  performance,  Carnegie  Lake  Dam,  Initially  listed  as  a 
high  hazard  potential  structure  but  reduced  to  a significant  hazard 
potential  structure  as  a result  of  this  Inspection,  Is  Judged  to  be 
la  good  overall  condition.  However,  the  dam's  spillway  Is  considered 
Inadequate  since  33  percent  of  the  Spillway  Design  Flood  - SDF  - would 
overtop  the  daa.  (The  SDF,  In  this  Instance,  la  one  half  of  the  Probable 
Haxlmua  Flood.)  The  decision  to  consider  the  spillway  inadequate 
Instead  of  seriously  Inadequate  Is  based  on  the  fact  that  overtopping 
of  eha  daa  would  not  significantly  Increase  the  hazard  to  loss  of 
life  downstraaa  fron  that  which  would  exist  just  before  overtopping 
faUura.  To  assure  continued  functioning  of  the  daa  and  Its  lapoundaant, 
Cha  following  raaadlal  actions  are  recommended  to  be  undertaken  within 
one  year  froa  the  date  of  approval  of  this  report: 

a.  Bagrada  and  provide  slope  protection  for  the  eroded  emhankawnt 
areas  behind  the  spillway  wlngwalls  and  on  the  back  slopes  beyond  the 
spillway  abutaants. 

b.  Repair  the  deteriorated  concrete  surfaces  of  the  wlngwalls. 

c.  An  itt-dapth  Inspection  of  the  concrete  spillway  should  be 
Initiated  to  alnlalse  or  lessen  the  future  cost  of  additional  repairs. 


This  document  has  been  appro^wT" 
for  public  rslcoBS  and  solo:  la 
distribution  Is  unlimited. 
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• lUPPI-D 

Honorabl*  Brandan  T. 


Byrna 


k copy  of  tha  report  la  being  furniahed  to  Mr.  Dirk  C.  llofaan.  New  l 

Jaraay  Dapartaant  of  Envlromental  Protection,  the  deaignated  State  I 

Office  contact  for  thia  prograa.  Within  five  daya  of  the  date  of  thia  j 

letter,  a copy  vlll  alao  be  aent  to  Congreaawoaan  Nlllicent  Fenwick  of 
the  Fifth  Diatrict.  Under  the  provlalon  of  the  Freedon  of  . 

Infomatlon  Act,  the  Inapectlon  report  will  be  subject  to  release  ' 

by  thia  office,  upon  request,  five  days  after  the  date  of  this  ^ 

letter. 

Additional  copies  of  this  report  may  be  obtained  from  the  National 
Technical  Information  Services  (NTIS),  Springfield,  Virginia  221C1 
at  a reasonable  cost.  Please  allow  four  to  six  weeks  from  the  date  of 
this  letter  for  NTIS  to  have  copies  of  the  report  available. 

An  inportant  aspect  of  the  Dam  Safety  Program  will  be  the  implementation 
of  the  recommendations  made  as  a result  cf  the  inspection.  We  accordingly 
request  that  we  be  advised  of  proposed  actions  taken  by  the  State  to 
implement  our  recommendations. 

Sincerely,  j 


1 Incl 

As  stated 


AMES  G.  TON 

Colonel,  Corps  of  Engineers 
District  Engineer 
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Copies  furnished: 

Dirk  C.  Hofman,  P.E.,  Deputy  Director 
Division  of  Water  Resources 
Jl.  J.  Dept,  of  Environmental  Protection 

o.  Box  CN(}Z9  

Trenton,  NJ  08625 

John  O'Dowd,  Acting  Chief 
Bureau  of  Flood  Plain  Management 
Division  of  Water  Resources 
N.  J.  Dept,  of  Environmental  Protection 
P.  0.  Box  CM029 
Trenton,  NJ  08625 
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CARWRGIE  LAKE  PAM  (NJ00150) 


CORPS  OF  EWGIWEERS  ASSESSMENT  OF  GENERAL  CONDITIONS 


Thla  dam  was  Inapected  on  7 December  1978  by  bouis  Herger  and  Aseoclates, 

Inc.  under  contract  to  the  State  of  New  Jersey.  The  state, 

under  agreement  with  the  U.  S.  Army  Engineer  District,  Philadelphia, 

had  this  Inspection  performed  In  accordance  with  the  National  Dam  Inspection 

Act,  Public  Uw  92-167. 

Carnegie  Lake  Dam,  Initially  listed  as  a high  hazard  potential  structure 
but  reduced  to  a significant  hazard  potential  structure  as  a result  of 
this  inspection.  Is  Judged  to  be  In  good  overall  condition.  However, 
the  dam's  spillway  Is  considered  Inadequate  since  33  percent  of  the 
Spillway  Design  Flood  - SDF  - would  overtop  the  dam.  (The  SDF,  In  this 
instance,  is  one  half  of  the  Probable  Maximum  Flood.)  The  decision  to 
consider  the  spillway  Inadequate  Instead  of  seriously  Inadequate  Is 
based  on  the  fact  that  overtopping  of  the  dam  would  not  significantly 
increase  the  hazard  to  loss  of  life  downstream  from  that  which  would 
exist  Just  before  overtopping  failure.  To  assure  continued  functioning 
of  the  dan  and  Its  Impoundment,  the  following  remedial  actions  are 
recommended  to  be  undertaken  within  one  year  from  the  date  of  approval 
of  this  report: 

a.  Regrade  and  provide  slope  protection  for  the  eroded  embankment 
areas  behind  the  spillway  wlngw.il Is  and  on  the  back  slopes  beyond  the 
spillway  abutments. 

b.  Repair  the  deteriorated  concrete  surfaces  of  the  wlngwalls. 

c.  An  In-depth  inspection  of  the  concrete  spillway  should  be 
Initiated  to  minimize  or  lessen  the  future  cost  of  additional  repairs. 


APPROVED 


n.  TON 

^.olonel.  Corps  of  Engineers 
District  Engineer 


DATE: 
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PHASE  I REPORT 

NATIONAL  DAM  INSPECTION  PROGRAM 
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Name  of  Dam  Carnegie  Lctke  Dam  Fed  ID#  NJ  00150  and 


NJ  IDI 

Tpj 

State  Located 

New  Jersey 

County  Located" 

Mercer 

Coordinates  Lat.  4022.2  - Long.  7437.3 

Stream  Millstone  River 

Date  of  Inspection  7 December  1978 


ASSESSMENT  OF 
GENERAL  CONDITIONS 


Carnegie  LeUce  Dam  is  assessed  to  be  in  an  overall  good 
condition  euid  is  recommended  to  be  downgraded  from  a 
high  to  a significant  hazaurd  classification.  Over- 
topping would  not  appreciadily  increase  the  danger  of 
loss  of  life  or  property  damage  due  to  the  high  level 
of  tailwater  caused  by  natural  downstream  chauinel 
constrictions . No  detrimental  findings  were  uncovered 
to  warremt  further  study.  Recommended  remedial  mea- 
sures to  be  undertaken  in  the  future  include  repairing 
the  sloughed  embankment  areas  behind  the  spillway  wing- 
walls  cuid  seuidblast  and  patch  the  exposed  concrete 
surfaces  of  the  wlngwalls. 


The  dam  has  an  inadequate  spillway  capacity,  being  able 
to  accommodate  only  16%  of  a full  PMF. 
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OVERVIEW  OF  CARNEGIE  LAKE  DAM 
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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Reconunended  Guidelines  for  Safety  Inspection  of  Dams , 
for  Phase  I Investigations.  Copies  of  these  guidelines 
may  be  obtained  from  the  Office  of  Chief  of  Engineers, 
Washington,  D.C.  20314.  The  purpose  of  Phase  I Investiga- 
tion is  to  identify  expeditiously  those  dams  which  may 
pose  hazards  to  human  life  or  property.  The  assessment  of 
the  general  condition  of  the  dam  is  based  upon  available 
data  emd  visual  inspections.  Detailed  investigation,  and 
analyses  involving  topographic  mapping,  subsurface  inves- 
tigations, testing,  and  detailed  computational  evaluations 
are  beyond  the  scope  of  a Phase  I investigation;  however, 
the  investigation  is  intended  to  identify  any  need  for 
such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  deun  is  based  on  observations 
of  field  conditions  at  the  time  of  inspection  along  with 
data  available  to  the  inspection  team.  It  is  importemt 
to  note  that  the  condition  of  a dam  depends  on  numerous 
and  constantly  changing  internal  and  external  conditions , 
and  is  evolutionary  in  nature.  It  would  be  incorrect  to 
assume  that  the  present  condition  of  the  dam  will  continue 
to  represent  the  condition  of  the  dam  at  some  point  in 
the  future . Only  through  continued  care  and  inspection  can 
there  be  emy  chance  that  unsafe  conditions  be  detected. 

Phase  I inspections  are  not  intended  to  provide  detailed 
hydrologic  euid  hydraulic  analyses . In  accordance  with  the 
estciblished  Guidelines,  the  Spillway  Test  flood  is  based 
on  the  estimated  "Probable  Maximum  Flood"  for  the  region 
(greatest  reasonably  possible  storm  runoff) , or  fractions 
thereof.  The  test  flood  provides  a measure  of  relative 
spillway  capacity  and  serves  as  an  aide  in  determining 
the  need  for  more  detailed  hydrologic  and  hydraulic 
studies,  considering  the  size  of  the  dam,  its  general 
condition  etnd  the  downstream  damage  potential. 


PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 
NAME  OF  DAM:  CARNEGIE  LAKE  DAM  FED  NJ  #00150  NJ  ID  #164 


SECTION  1 - PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authority 

This  report  is  authorized  by  the  Dam  Inspection 
Act,  Public  Law  92-367,  and  has  been  prepared 
in  accordance  with  Contract  FPM-36  between 
Louis  Berger  & Associates,  Inc.  cuid  the  State 
of  New  Jersey  and  its  Department  of  Environ- 
mental Protection,  Division  of  Water  Resources. 
The  State,  in  turn,  is  under  agreement  with 
the  U.S.  Army  Engineer  District,  Philadelphia, 
to  have  this  inspection  performed. 

b.  Purpose  of  Inspection 

The  purpose  of  this  inspection  is  to  evaluate 
the  structural  and  hydraulic  condition  of 
Carnegie  LeOce  Dam  emd  appurtenant  structures , 
emd  determine  if  the  dam  constitutes  a hazard 
to  humeui  life  or  property. 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances 

Carnegie  Lake  Deun  is  a 724'  long,  straight 
concrete  wall  and  buttress  structure  with  a 
575'  spillway  four  feet  wide  at  the  crest.  In 
the  center  of  the  spillway,  there  is  a 193-foot 
long  vee-notched  weir  which  has  a center  depth 
of  0.7  foot.  Twenty  4'  x 8'  concrete  buttresses 
on  28'  centers  brace  the  vertical  wall  along  the 
downstream  face  of  the  spillway  and  extend 
from  the  crest  elevation  (+53.2  MSL)  down  to 
approximate  elevation  +24  where  the  buttresses 
are  founded  in  the  underlying  shale . The 
upstre5un  vertical  face  is  protected  by  an 
interlocking  steel  sheet  piling  which  also 
extends  to  bedrock.  The  sheeting  is  secured 


to  the  concrete  wall  by  12-inch  thick 
tremie-placed  reinforced  concrete.  The  right 
end  of  the  spillway  terminates  at  a concrete 
sluice  gate  structure  which  extends  roughly 
95  feet  to  the  east  abutment  adjacent  to  the 
towpath  of  the  Delaware -Raritan  Canal.  The 
gate  structure  contains  two  36"  diameter 
C.I.  pipes  at  elevation  +42.2.  The  left  end 
of  the  spillway  terminates  at  a concrete 
abutment  which  extends  54  feet  to  the  natural 
beuik  along  the  westerly  shoreline. 

b . Location 

Carnegie  Lake  Dam  is  located  on  the  Millstone 
River,  a tributary  of  the  Raritan  River, 
northeast  of  the  Borough  of  Princeton  in 
South  Brunswick  Township,  Mercer  County, 

New  Jersey,  and  is  approximately  1,200  feet 
south  of  the  Route  27  bridge  over  the  river. 

c.  Size  Classification 

Carnegie  Lake  Dam  is  28  feet  high  and  impounds 
5,326  acre-feet  of  water  at  maximum  elevation. 
Based  on  the  Guidelines  for  Safety  Inspection 
of  Dams,  this  dam  is  in  the  intermediate  size 
category  (total  storage  ^ lObO  , < 50,000  AF)  . 

d . Hazard  Classification 

Carnegie  Lake  Dam  was  initially  classified  as 
high  hazard  but  as  a result  of  this  inspection, 
is  recommended  to  be  downgraded  to  a significant 
hazard  classification.  Only  the  downstream 
Kingston  Mill  Dam,  a small  n\imber  of  inhabitable 
and  commercial  structures  would  be  affected 
should  Carnegie  Lake  Dam  fail.  The  new  highway 
bridge  on  Route  27  is  built  well  above  flood 
water  elevation  and  in  all  probability  could 
withstand  a design  frequency  flood.  A failure 
of  the  study  dam  however , could  interrupt 
traffic  on  Route  27  by  overtopping  the  roadway 
embankment . 

e . Ownership 

Carnegie  Lake  Deun  is  owned  by  Princeton 
University,  Princeton,  New  Jersey  08540. 
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£ . Purpose  of  Dam 

Carnegie  Lake  Dan.  is  used  for  recreational 
purposes . 

g.  Design  eind  Construction  History 

No  records  pertaining  to  the  initial  design 
and  construction  of  Carnegie  Lake  Daun  are 
immediately  available.  According  to  University 
personnel , it  was  constructed  during  the  early 
part  of  the  century.  In  1930,  the  combined 
firms  of  F.S.  Tainter  amd  Parsons,  Klapp, 
Brinckerhoff  & Douglas,  Consulting  Engineers, 
prepared  plams  for  the  reconditioning  of  the 
dam  but  it  is  unknown  to  what  extent  these 
modifications  were  implemented.  In  1966, 
Praeger-Kavainagh-Waterbury , Consulting  Engineers, 
also  prepared  plams  for  the  repair  work  which 
was  accomplished  that  summer.  Additionally, 
dredging  of  the  lake  was  undertaken  and  com- 
pleted in  1974  by  the  American  Dredging 
Company . 

h.  Normal  Operating  Procedures 

The  daun  is  operated  by  Princeton  University 
plant  engineering  personnel . Due  to  the 
extremely  wide  spillway,  the  daun  operates 
principally  as  am  uncontrolled  spillway.  (See 
Section  4) . 

3 PERTINENT  DATA 

a.  Drainage  Area 

The  drainage  area  of  Carnegie  Ladce  Daun  consists 
of  159.1  square  miles  of  lightly  developed, 
gently  rolling  terrain. 

b.  Discharge  at  Daunsite 

Meucimum  known  discharge  : Unknown 

Spillway  capacity  at  normal  pool  elevation 
- 120  cfs  (vee-notched  weir) . 

Total  spillway  capacity  at  maximum  pool 
elevation  - 14,420  cfs 
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c.  Elevation  (ft.  above  MSL) 

Top  Dam  - +57.2 

Recreation  pool  - +53.2  (Top  of  spillway) 

Streeunbed  at  centerline  of  d£un  - 39+ 

d.  Reservoir 

Length  of  meocimum  pool  - 29,900  feet 

Length  of  recreation  pool  - 17,600  feet 

e.  Storage  (acre-feet) 

Top  of  deun  - 5,326  acre-feet 

Recreation  pool  - 1,344  acre-feet 

f.  Reservoir  Surface  (acres) 

Top  dam  - 1,746  acres 

Recreation  pool  - 245  acres 

g . Dam 

Type  - Concrete , narrow-crested  wall  emd  buttress 
Length  - 724  feet 

Avg.  total  structural  height  - 28+  feet 

To?  Width  - 4.0  feet 

Side  Slopes  - Vertical  on  spillway,  2H:1V 
at  abutments 

Cutoff  - Steel  sheeting  to  bedrock  (upstreeun  face) 
Grout  curtain  - None 

h.  Diversion  2md  Regulating  Tunnel 
Type  - None 

i . Spillway 

Type  - Narrow  crested  weir 

Length  of  weir  - 575  feet,  with  193*  vee-notch 

at  center  (depth  ■ 0.7') 

Crest  elevation  - +53.2  MSL 

Gates  - None 

U/S  Channel  - Main  body  of  lake 
D/S  Channel  - Main  body  of  Kingston  Mill  Dam 
reservoir 
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SECTION  2 - ENGINEERING  DATA 


2.1  DESIGN 

The  information  available  for  review  for  the 
Carnegie  LeJce  Deim  consisted  of: 

1)  Two  drawings  of  1930  reconditioning  by 
F.S.  Tainter  & Parsons,  Klapp,  Brickerhoff 
& Douglas,  Consulting  Engineers. 

2)  Daun  Applications  Nos.  164  & 164  R,  State 
Division  of  Water  Policy  and  Supply, 

1966  (and  various  correspondence) . 

3)  Two  construction  drawings  dated  1966, 
prepared  by  Praeger-Kavanagh-Waterbury , 
Consulting  Engineers . 

4)  Five  sheets  of  spillway  capacity  calcula- 
tions, dated  1966,  by  Praeger-Kavanagh- 
Waterbury,  Consulting  Engineers. 

5)  One  sounding  plaui  of  the  lake  bottom  (taken 
after  dredging)  dated  1974,  prepared  by  the 
Americem  Dredging  Compemy. 

Item  3 above  depicted  the  overall  configuration 
of  the  dam  and  the  1966  remedial  repairs.  Although 
no  design  cuialyses  (except  for  the  spillway  hydrau- 
lics) were  availedjle,  a good  overview  of  the  dam 
geometry  was  afforded  the  inspection  team.  Five 
widely  spaced  boring  logs  were  included  in  the  plans 
which  indicated  the  depth  to  the  underlying  rock  and 
the  composition  of  the  medium  to  coarse  sand  and 
gravel  overburden.  The  overburden  soils  in  this 
area  eu:e  recent  alluvium  composed  mostly  of  sands, 
silts  amd  some  clay  £uid  are  quite  variable  in 
composition.  The  underlying  rock  is  composed  of 
a black  shale  interbedded  with  Lockatong  orgillite . 
The  top  surface  has  a decomposed  layer. 

2.2  CONSTRUCTION 

Nothing  is  known  2Ut}Out  the  construction  except  the 
1966  work  was  accomplished  substantially  in 
accord£mce  with  the  contract  plans.  This  rather 


extensive  repair  work  obliterated  all  evidence  of 
any  earlier  repairs . 

2.3  OPERATION 

Hydraulically,  the  dam  appears  to  be  operating 
satisfactorily  as  an  uncontrolled  weir.  The 
1966  renovation  work  appears  to  have  arrested 
further  deterioration  of  the  buttresses  below 
the  spillway. 

2.4  EVALUATION 

a.  Availability 

Sufficient  engineering  data  is  available  to 
assess  the  structural  stability.  No  data  was 
located  to  indicate  the  composition  of  the 
short  embemkment  zones  at  each  end  of  the 
spillway  but  in  view  of  the  geometry,  this 
was  of  minor  concern  to  the  inspection  team. 
Additionally,  from  the  wingwall  geometry,  a 
concrete  cut-off  wall  may  extend  all  the  way 
past  the  abutment  but  this  could  not  be 
verified. 

b . Adequacy 

The  field  inspection  and  review  of  available 
design  plans  reveal  that  the  dam  is  struc- 
turally sound  cund  in  spite  of  its  age , is  in 
a well-built  condition.  It  is  felt  that 
adequate  data  was  avail eUsle  to  render  the 
enclosed  assessment  contained  in  Sections  6 
2Uid  7 without  recourse  to  gathering  additional 
information . 

c.  Validity 

The  validity  of  the  available  data  is  not 
challenged  emd  is  accepted  without  recourse 
to  further  investigations. 
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SECTION  3 - VISUAL  INSPECTION 


3.1  FINDINGS 


a.  General 

The  on-site  inspections  were  conducted  on 
December  7 cuid  29,  1978  and  revealed  the  dam 
to  be  in  cUi  overall  good  condition.  Following 
a period  of  heavy  rain,  the  deim  site  was 
revisited  on  January  24  and  again  on 
February  8,  1979.  As  can  be  seen  from  the 
attached  24  Jamuary  photographs,  the  entire 
flood  plain  was  heavily  inundated  and  the  spill- 
way practically  submerged.  It  was  noted  that 
the  downstream  flow  was  not  restricted  by  either 
the  Route  27  or  the  old  Kings  Highway  bridge  but 
that  the  tailwater  under  the  Route  27  structure 
backed  up  to  the  old  (circa  1798)  stone  arch 
bridge  immediately  above  Route  27.  The  Kingston 
Mill  Dam  immediately  above  the  bridges  was 
completely  submerged  by  over  6 feet  of  water. 

b.  Dcun 

The  straight  walled  spillway  structure  is  in 
excellent  alignment  cind  the  wide  vee-notched 
weir  was  flowing  freely  at  the  time  of  the 
earlier  inspections.  The  exposed  concrete 
surfaces  at  the  spillway  piers  and  retaining 
walls  exhibits  numerous  spalled  and  chipped 
areas  with  some  efflorescence  noted  at  the 
construction  joints.  The  size  of  the  piers 
cind  buttresses  along  the  spillway  indicates 
a massive  gravity-type  design.  The  1966 
repair  work  appears  to  be  in  good  condition 
with  only  minor  surface  crazing  and  chipping. 
Severe  horizontal  cracks  were  observed  at  the 
left  wingwall  and  a portion  of  the  top  slab 
has  broken  off . The  embankment  sections  behind 
the  spillway  piers  are  in  good  condition  but 
surface  erosion  was  observed  behind  both  down- 
stream wingwalls  cuid  there  are  numerous  trees 
on  the  backslopes.  The  left  abutment  backslope 
has  eroded  to  roughly  a 1:1  slope  exposing  a 
hard  argillite -type  shale  at  the  footing 
elevation.  The  right  abutment  keys  into  the 


embankment  of  the  Delaware  and  Raritan  Canal 
towpath  which  parallels  the  east  shore  of 
Carnegie  Lake . The  water  level  in  the  lake  and 
canal  appeared  to  be  nearly  equal  at  the  time 
of  the  second  inspection  but  downstream  from 
the  study  deim,  there  are  several  small  lateral 
outlets  from  the  canal  into  the  river. 

The  towpath  below  the  dam  appears  to  have 
a concrete  corewall . Although  the  lake 
euid  CeUial  are  in  close  proximity,  their 
water  levels  are  basically  independent. 

c.  Appurtencuit  Structures 

Two  3 6 -inch  sluice  gates  are  located  near  the 
right  adiutment  and  have  an  invert  that  is 
roughly  11  feet  below  spillway  crest.  The 
gates  were  submerged  and  could  not  be  observed. 
According  to  University  officials , they 
are  opereiblc  and  in  satisfactory  condition. 
There  is  minor  surface  cracking  emd  spalling 
on  the  gate  structure  but  the  top  slab  is  in 
good  condition  (as  a result  of  the  1966 
refurbishing) . There  is  an  ice-reduction 
aeration  device  located  at  the  left  abutment 
but  the  controls  have  been  recently  vandalized 
and  it  appeared  to  be  presently  inoperative . 
However,  University  officials  stated  that  they 
plan  to  have  it  repaired. 

d.  Reservoir  Area 

Carnegie  Ledce  extends  over  three  miles  to  the 
south  to  its  head  waters  at  the  Penn-Central 
Railroad  trolley  line  into  Princeton.  The 
lake  is  300  to  800  feet  wide  and  was  dredged 
to  depths  of  6 to  8 feet  by  the  American 
Dredging  Compcuiy  five  years  ago  to  facilitate 
the  collegiate  sailing  cind  crew  events  that 
axe  held  by  the  University.  The  upper  reaches 
of  the  leJte  are  fed  by  Stony  Brook  with  the 
Millstone  River  entering  the  reservoir  from 
the  east  2d>out  one  mile  further  to  the  north. 
(The  canal  is  carried  over  the  river  in  a 
flume) . The  entire  east  bank  is  formed  by 
the  canal  towpath  5md  the  west  bank  gently 
slopes  up  to  the  euijacent  residential 
neighborhoods.  The  lake  is  well-maintained 
and  clear  of  major  debris. 


e.  Dovmstream  Channel 


Inunediately  below  the  spillway,  the  Millstone 
River  bifurcates  and  flows  north  approximately 
1,000  feet  where  it  passes  over  the  narrow, 
low  Kingston  Mill  Dam  before  being  bridged 
by  the  Kings  Highway  revolutionary-period 
stone  arch  bridge,  (now  basically  abandoned) 
and  the  new  (1965)  Route  27,  two  span  steel 
stringer  bridge.  Additionally,  there  is  a 
small  timber  bridge  under  Kings  Highway  and 
a large  (12'x6'+)  elliptical  arch  relief 
culvert  under  Route  27  (between  the  main 
channel  euid  the  canal)  . These  serve  as  relief 
structures  for  the  main  channel  spans.  As 
noted  in  3.1. a,  the  river  is  impeded  further 
downstream  by  the  rather  narrow  natural  banks 
and  during  periods  of  heavy  flow,  the  rather 
wide  flood  plain  just  below  the  dam  and 
Kings  Highway  embauikment  are  overtopped  (see 
photographs  of  the  24  January  flooding) . The 
right  bank  is  formed  by  the  D&R  Canal  dike 
while  the  slopes  on  the  left  bank  rise  rather 
steeply  to  higher  surrounding  terrain.  The 
Route  27  alignment  is  above  the  flood 
elevation  but  there  are  a few  residences 
and  commercial  properties  located  in  lower 
lying  areas  immediately  along  the  river 
bemk  and  it  is  conceivable  that  the  easterly 
portion  of  the  road  embankment  could  be 
overtopped  in  extreme  flooding. 
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SECTION  4 - OPERATIONAL  PROCEDURES 


4 .1  PROCEDURES 

Operational  procedures  are  conducted  by  personnel 
from  the  Princeton  University  maintenauice  depart- 
ment. The  sluice  gates  are  reportedly  operable 
although  they  have  not  been  utilized  since  the 
lake  was  dewatered  for  repair  of  the  dam  in  1966. 
The  gate  controls  are  locked  to  prevent  vandalism. 
Since  the  l£dce  is  used  only  for  recreational  pur- 
poses and  the  sluice  gate  capacity  is  small  when 
compared  to  the  spillway  capacity,  there  is 
little  occasion  to  attempt  to  control  the  lake 
level  with  the  sluice  gates . 

4.2  MAINTENANCE  OF  DAM 

The  deun  is  maintained  by  University  personnel  on 
em  as-needed  basis.  Inspections  are  conducted 
after  major  storms  and  seasonally  by  maintenance 
crews  responsible  for  the  protective  aeration 
system  located  along  the  upstream  face  of  the  dam. 
Personnel  of  the  University's  athletic  teams, 
which  utilize  the  IcJce  daily  in  season,  notify 
the  mainteneunce  department  of  £my  deficiencies 
or  debris  in  the  lake . Vegetative  growth  is 
reduced  by  use  of  yearly  herbicidal  treatments 
emd  a groundskeeper  maintains  the  shoreline  and 
abutments  euljacent  to  the  dam. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 

The  only  operating  facilities  at  Carnegie  Lake  Dam 
are  the  two  36"  diameter  C.I.  pipes  at  the  east 
2d>utment.  These  are  periodically  inspected  and 
maintained  but  as  previously  stated,  are  not 
employed  on  a day-to-day  basis . 

4.4  DESCRIPTION  OF  WARNING  SYSTEM 

No  warning  system  exists  except  for  monitoring 
by  university  personnel  and  municipal  police  during 
major  storms. 


4.5  EVALUATION 


The  existing  operational  and  maintenance 
procedures  and  safeguards  during  major  storms 
are  considered  adequate  for  the  following 
reasons : 

• The  deun  has  been  overtopped  several  times 
in  the  past  but,  since  it  is  a relatively 
massive  concrete  structure  apparently  has 
suffered  little  or  no  damage. 

• The  downstreeun  channel  experiences  high 
backwater  from  downstream  constrictions  which 
essentially  diminishes  the  dam's  function  to 
one  of  a submerged  weir  during  periods  of 
extremely  heavy  flows.  (See  Section  5). 

• The  primary  purpose  of  the  lake  eind  deun 
preclude  any  additional  operational  pro- 
cedures other  than  those  now  in  practice. 
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SECTION  5 - HYDRAULIC/HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data 

In  accordance  with  the  criteria  in  the 
Recommended  Guidelines  for  Safety  Inspection 
of  Dams , it  has  been  determined  that  the  dam 
at  Carnegie  Lake  is  intermediate  in  size  and 
in  the  significant  hazard  category.  Accordingly 
the  spillway  design  flood  (SDF)  was  deter- 
mined by  the  inspecting  engineer  to  be  h the  , 
probable  meucimum  flood  (PMF)  . The  inflow  hydro- 
graph was  calculated  using  precipitation  data 
from  Hydtometeorlogical  Report  #33.  The  inflow 
hydrograph  and  flood  routing  were  performed 
utilizing  the  HEC-1  computer  program.  Peak 
inflow  to  the  reservoir  for  the  >5  PMF 
was  55,720  cfs,  amd  when  routed  through  the 
reservoir,  was  reduced  to  45,650  cfs.  The 
spillway  capacity  before  overtopping  occurs 
is  approximately  14,420  cfs.  Therefore,  the 
spillway  will  accommodate  only  32%  of  the  SDF. 
This  flood  would  cause  the  dam  to  be  overtopped 
by  approximately  8 feet.  The  spillway  is  there- 
fore inadequate. 

b . Experience  Data 

Ceurnegie  Laike  Dam  was  designed  to  accommodate 
a 50-yeai  flood  which  was  estimated  to  have 
a peak  of  13,550  cfs  (Dam  Application  No.  164). 
According  to  local  information,  the  dam  has 
been  overtopped  numerous  times , as  evidenced 
by  the  presence  of  erosion  on  the  downstream 
embemkment.  There  are  no  streamflow  records 
available.  Although  the  1966  repair  plans 
provide  for  the  emplacement  of  a water  level 
gage  at  each  ed>utment,  these  recorders  were 
not  observed  in  the  field. 

c.  Visual  Observations 

A third  visual  inspection  was  made  on 
January  24,  1979  following  an  unusually 
heavy  rainstorm.  The  dam  appeared  to  be 
functioning  in  a satisfactory  condition 
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with  the  tailwater  approximately  one  foot 
below  the  crest  (the  buttresses  were  almost 
entirely  submerged) . The  dam  had  apparently 
trainsmitted  the  storm  without  overtopping. 

The  downstream  Kingston  dam,  was  completely 
inundated  and  the  high  water  reached  the 
arch  soffits  of  the  Kingston  Bridge.  However, 
this  bridge  does  not  appear  to  be  the  primary 
constriction , as  water  Was  at  approximately 
the  same  elevation  on  each  face.  According 
to  University  personnel  the  major  constriction 
lies  further  downstream  emd  appears  to  be  a 
narrowing  of  the  stream  channel  between  higher 
banks.  Unofficial  records  report  the  tailwater 
elevation  is  at  times  as  high  as  2 feet  over 
the  Carnegie  Dcun  spillway,  hence  the  spillway 
capacity  has  little  actual  influence  on  the 
overall  hydraulic  situation  during  periods  of 
extreme  flooding. 

d . Overtopping  Potential 

There  are  indications  and  a verbal  history 
that  the  dam  has  been  repeatedly  overtopped. 
Moreover,  the  hydraulic  analyses  substantiates 
that  the  spillway  is  inadequate  to  accommodate 
the  design  flood.  Therefore,  the  potential 
for  overtopping  remains  considerable  but 
referring  to  the  previous  paragraph,  over- 
topping would  have  little  effect  on  the  dam 
itself  euid  the  downstream  flooding  problem 
appears  to  be  little  influenced  by  the 
hydraulic  condition  at  Carnegie  Lake . 

e.  Drawdown  Potential 

Drawdown  of  Carnegie  Lake  would  take  approxi- 
mately 18  days  assuming  the  sluice  gates  are 
operating  at  full  capacity  and  there  is  no 
tailwater  condition.  This  time  is  based  on  a 
nominal  inflow  of  1 cfs  per  square  mile. 

[However,  if  a tailwater  of  only  5 feet  is 
assumed,  drawdown  will  not  take  place,  as 
inflow  to  the  reservoir  will  be  greater 
than  outflow. 
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SECTION  6 - STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 


a.  Visual  Observation 

Based  upon  the  field  inspection,  the  structural 
stcd)ility  of  Carnegie  Lake  Dam  is  believed  to 
be  satisfactory.  The  1966  rehabilitation  work 
has  prevented  further  deterioration  to  the 
spillway  wall  counterforts  and  the  full  width 
upstreeim  line  of  MP115  steel  sheeting  (driven 
into  the  shale  foundation)  greatly  reduces 
cuiy  potential  danger  to  overturning  or  sliding 
failure.  Additionally,  the  1974  dredging 
relieves  excessive  earth  pressure  against 
the  upstream  face.  The  condition  of  the 
exposed  concrete  requires  surficial  repairs 
but  this  can  be  done  under  the  University's 
normal  maintenance  progrcim.  The  short  embank- 
ment zones  at  each  abutment  should  be  regraded 
on  the  backslopes  eind  brought  up  to  the  eleva- 
tion of  the  spillway  end  piers.  In  view  of 
the  overtopping  potential  and  the  relatively 
short  embankment  lengths  at  each  end,  it  might 
be  prudent  to  protect  the  entire  backslope 
which  would  preclude  future  erosion  and  repair 
costs . The  only  element  that  could  not  be 
observed  closely  was  the  condition  of  the  down- 
stream channel  immediately  below  the  vee-notched 
weir  in  the  center.  However,  this  appears 
to  be  of  minor  concern  as  the  borings  indicate 
that  the  top  of  the  shale  is  at  or  very  close 
to  the  streambed  elevation. 

b.  Design  amd  Construction  Data 

Summarizing  Section  2,  little  is  actually 
known  regarding  the  design  assumptions  but 
the  1930  and  1966  plans  indicate  that  the 
dam  is  founded  on  the  underlying  shale  bedrock 
cind  this  is  substantiated  by  the  lack  of  tilt- 
ing or  differential  settlement.  Under  the 
context  of  this  study  phase,  additional  design 
data  was  not  believed  to  be  necessary  to  assess 
the  structural  stability. 
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c.  Operating  Records 


Written  operating  records  are  non-existent 
bu^  the  dam  has  functioned  satisfactorily 
frota  a hydraulic  standpoint  since  its 
construction  some  80  years  ago.  The 
previously  repaired  ice -damage  and  deteriora- 
tion to  the  tops  of  the  buttresses  are  of 
little  structural  consequence. 

d.  Post  Construction  Changes 

There  have  been  no  further  structural  modi- 
fications since  the  1974  dredging  operation 
but  the  abutment  backslopes  have  apparently 
been  allowed  to  erode  for  a considerable 
length  of  time. 

e.  Seismic  Stcibility 

Carnegie  Lake  Dam  is  located  in  Zone  1 and 
experience  reveals  that  dams  in  the  zone 
will  have  adequate  stability  under  dynamic 
loading  conditions  if  stable  under  static 
loading  conditions. 
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SECTION  7 - ASSESSMENTS/RECOMMENDATIONS/ 
REMEDIAL  ACTIONS 


7.1  DAM  ASSESSMENT 

a.  Safety 

Subject  to  the  inherent  limitations  of  the 
Phase  I visual  inspection,  the  Carnegie 
Lake  Dam  is  judged  to  be  in  an  overall  sound 
structural  condition  but  the  spillway  has 
insufficient  capacity  and  can  discharge  only 
32%  of  the  design  flood  of  H PMF.  The  embank- 
ment crest  of  the  dam  on  either  side  of  the 
wide  spillway  is  overtopped  by  approximately 
4 feet  for  this  design  flood  but  it  is  felt 
that  the  dam  can  safely  stand  such  over- 
toppings. Although  the  spillway  is  inade- 
quate, the  dam  is  not  assessed  as  unsafe 
as  failure  from  overtopping  would  not 
significantly  increase  the  hazard  to  loss 
of  life  downstream  from  the  dam  from  that 
which  would  exist  just  before  overtopping 
failure.  Little  can  be  envisioned  to 
effectively  alleviate  the  overtopping 
potential  during  heavy  storms.  Further,  due 
to  natural  hydraulic  restrictions  further 
downstream,  flood  tailwater  elevations  tend 
to  submerge  the  dam  crest  so  that  its 
theoretical  spillway  capacity  is  irrelevant 
during  periods  of  extreme  floods. 

b.  Adequacy  of  Information 

The  information  made  available  by  Princeton 
University  is  deemed  to  be  adequate  regarding 
the  emalyses  of  safe  operation  and  structural 
stability . 

c . Urgency 

No  urgency  is  attached  to  implementing  any 
further  studies  or  the  remedial  measures 
set  forth  below. 

d.  Necessity  for  Further  Study 

In  view  of  the  hazard  classification  of  this 
dcun,  its  overall  condition  euid  the  fact  that 
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it  is  continually  monitored  by  trained 
engineering  personnel,  additional  inspec- 
tions under  the  purview  of  P.L.  92-367  are 
deemed  to  be  unnecessary.  The  University 
maintains  am  internal  system  of  periodic 
inspections  and  emergency  action  plans 
which  basically  reflects  the  requirements 
mandated  under  the  National  Deun  Inspection 
Act,  Further,  their  continuity  of  action 
is  not  contingent  upon  external  funding  and 
bureaucratic  considerations. 

7.2  RECOMMENDATIONS/REMEDIAL  MEASURES 

a.  Alternatives 

• It  is  recommended  that  the  eroded  embankment 

, areas  behind  the  spillway  wingwalls  be  back- 

filled amd  covered  with  slope  protection; 
especially  in  the  areas  immediately  adjacent 
to  the  wingwalls.  Similarily,  the  remaining 
eroded  areas  on  the  back  slopes  beyond  the 
spillway  abutments  should  be  backfilled  and 
replanted . 

• The  deteriorated  exposed  concrete  surfaces 
of  the  wingwalls  should  be  sand  blasted 
amd  resurfaced  with  gunite  or  epoxy  mortar. 

b.  O&M  Maintenance  amd  Procedures 

No  aKlditional  procedures  other  them  those 
currently  in  effect  appear  to  be  warranted 
in  view  of  the  above  assessment.  However, 
in  the  future,  am  in-depth  inspection  of  the 
concrete  spillway  should  be  undertaUcen  (in  the 
form  of  preventative  maintenance)  to  minimize 
or  lessen  the  future  cost  of  additional  repairs. 
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CHECK  LIST 

HYDROLOGIC  AND  HYDR«\ULIC  DATA 
ENGINEERING  DATA 

DRAINAGE  AREA  aiARACTERISTICS:  159.1  square  miles 

ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY);  53.2  MSL  (1344  cicre-feet) 

ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY)  

ELEVATION  MAXIMUM  DESIGN  POOL;  56.4  MSL  

ELEVATION  TOP  DAM;  57.2  MSL 

CREST  

a.  Elevation  

- b.  Type mncrete  slab  and  buttress ^ 

c.  Width 4 feet  ^ i. 

4 . Le  ngth 575  feet 

e.  Location  Spillover  193*  Iona  V-notch  weir  <T>ntPr  of  dam 

f.  tAimbei  and  Type  of  Qstes  None 

OUTLET  WORKS; ^ 

n.  Type  2 36"  (Ea.  Cl  pipes • 

b.  Location  fcl^t  abutment  

c.  Entrance  inverta  42.2  ± 

d.  Exit  inverta  42.2  ± 

e.  Emergency  dralndovn  facilities  Seane  as  above 

HYDROMETEOROLOGICAL  GAGES;  Nr>nf»  at-  Ham 

a.  Type  ' 

b.  Location 

c.  Records  . 

MAXIMUM  NON-DAMAGING  DTsmABOB.  Overtopping  discharge  of  14.420  i CFS 
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'>*11375 


18717 

9*53 


FU48*.  17726 

1 S*96.''’i'.<:i2*16 


12982 

15633 


6911 

17515 


• 

rrm — 

^ 1 

360T-; — 

3227. 

206-3^ 

25*01 

27681- 

• 

1**1. 

1287. 

11*9. 

1026. 

909. 

79*. 

68  0. 

• 

"1  22  3. 

leO. 

116. 

8.3. 

60. 

• *2. 

29. 

DATE 


SHEET  NO.AiJ ioi 

pi«oject..C.':^2.Z. 


CHKD.  BY. 
SUBJECT. 


;9*i 

321 


9383 

1978 


3689 


CFR 

INCHFS 


18893 


18363. 
1 .07 


176 

6879 


677 

9366 


1733 

969b 


5587 
9397 
■599  0 
,1513 
993 


3530 
85  0 


3367 

763 


3033 

689 


S70R 


2356 


PC*K .V6-H0un  39-HOUR  73-HOUR  TOTAL  VOLUMC 


INCHES 

AC-FT 


1.59 

13099. 


1.89 

15568. 


5»730.5nj.  99576/  irt.  33388.  MlHA, 

-0.  


